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We, Victor Pretorius "Klein Water- 
kloof", Club Avenue, Waterkloof. Pretoria, 
Transvaal, South Africa, a citizen of the 
Republic of South Africa, and Hans 
Helmut Hahn, 38 Marais Street, Bailey's 
Muckleneuk, Pretoria, Transvaal, South 
Africa, a citizen of the United Kingdom, do 
hereby declare the invention, for which we 
pray that a patent may be granted to us, 
and the method by which it is to be per- 
formed, to be particularly described in and 
by the folio whig statement: — 

The present invention relates to apparatus 
for distribution separation processes, their 
manufacture and use, more particularly for 
distribution processes in which a packing 
serves as one of the phases between which 
distribution takes place or in which the pack- 
ing provides a support or carrier surface for 
one of the phases. 

According to one particular aspect the pre- 
sent invention relates to chromatographic 
apparatus, e.g. columns. In conventional 
chromatographic coliunns the separating 
efficiency is impaired by inhomogeneities re- 
sulting from uneven degrees of packing and 
variations in particle size, the latter havmg 
been almost unavoidable to date for reasons 
of economics, the former being very difficult 
to avoid completely for technical reasons and 
both factors being in part interrelated. Im- 
perfections along the column walls resulting 
in channels differing from those in the pack- 
ing interior are a most serious problem vir- 
tually unavoidable even with the best com- 
pacted powder pacb'ngs. Similar problems 
also arise in packed distillation or packed 
adsorption columns. A main consequence of 
such imperfections is a pronounced, fre- 
quently irregular velocity profile (fingering) 
transverse to the direction of nett flow m 
turn leading to increased plate heights. 

The effect of velocity profiles may be 
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counteracted in chromatography by mixing 
of the forwarding (mobile) phase trcmsverse 
to the direction of net flow (radial mixmg in 
the case of ordinary colunms). The com- 
parative compactness of most conventional 
packings hampers such mixing both directly 
as well as indirectly by making more difficult 
the attainment of high flow velocities. In 
granular packings the porosity can be in- 
creased by looser packing which, however, 
results in undesirable mechanical instability. 

It is an object of the invention to over- 
come or mifigate the aforesaid disadvantages. 

Another object is the attainment of com- 
paratively large and /or evenly accessible sur- 
face areas in the column combined with a 
comparatively high permeability and rela- 
tively low pressure drop. 

The invention is furthennore intended to 
make available a very wide choice of de- 
ferent surfaces from which a person skilled 
in the art may select that type which in re- 
spect of inertness or other desired proper- 
ties best meets his purpose and in such re- 
spect may be superior to other conventional 
columns for the same purpose. 

The invention also provides for variability 
in respect of rigidity or resiliency or flexi- 
bility of the column material as may be re- 
quired or desired for any particular appli- 
cation. 

The invention provides for an almost un- 
limited variability in respect of pore size of 
the column and the void volume in accord- 
ance with certain embodiments may be as 
high at 97% of the total volume. 

Certain embodiments provided for in ac- 
cordance with the invention are of extraor- 
dinarily light bulk weight and low cost, both 
factors being of considerable importance in 
the construction of lai^e scale apparatus. 

Another advantage attamable where ap- 
plicable with certam embodiments is the 
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avoidance of preferential liquid accumula- 
tions, eg. of chroniatograjpWc retarding 
phase, in tfae nips between adjoining packing 
particles. 

5 It is not essential that all of the above ob- 
jects or potential advantages be realised 
simultaneously or to the same degree, since 
the emphasis may be shifted depending on 
requirements in each individual case. 

10 The means in accordance with the in- 
vention may even serve as a support for the 
separating medium in dialysis, and the in- 
vention is quite generally applicable to separ- 
ation techniques where it is desired to im- 

15 prove contact between two phases. 

In accordance with the invention an appar- 
atus for a distribution separation process 
wherein separation is achieved by distribu- 
tion components of a mixture between two 

20 phases in particular chromatography and 
rectification is provided of the type compris- 
ing in an ^closure having inlet and outlet 
means a packing materials on the sur- 
face of which one of the phases 

25 between which distribution is to take 
place is adapted to be exposed to the other 
phase, tb& packing material forming a co- 
herent porous body, having essentially the 
texture of an open-pore foam with a porosis 

30 which at least in fMJEmes in a direction trans- 
verse to the direction of nett flow prescribed 
by the apparatus is substantiaOy uniform. 

I^referaWy the open-pore foam has at least 
80% void volume. 

35 In accordance with a particular «nbodi- 
ment said texture has a void volume in ex- 
cess of 45% of the total volume and repre- 
sents the matrix of an aggregate of a par- 
ticulate material left behind after the selec- 

40 live removal of the particles of the particulate 
material out of the matrix. 

The invention also provides for a distribu- 
tion separation process of the type in which 
one fluid f^iase flows relative to a second 

45 phsisc and a separation takes [dace by ma- 
terial distribution between the phases, the 
one phase being maintained on the surfaces 
of the voids of a porous packing confined in 
a confined space, the material to be separated 

50 being introduced into the confined spice^ the 
fluid phase being caused to flow through the 
packing and the confined space whilst the 
material to be separated is being distributed 
between the phases whereafter at least a 

55 part of the material to be separated is with- 
drawn from the confined space with a com- 
position different from that prior to the 
separation, and wherein the said fluid phase 
is caused to flow in even distribution through 

60 P packing having essentially the texture of an 
op«i-pore foam, on the skeletal surfaces of 
which the said one phase is exposed, the 
foam having a porosity which at least in 
planes at right angles to the direction of n^ 

65 flow, is sub^antially uniform. 



Preferred embodiments of the process are 
carried out under chromatographic condi- 
tions wherein the fluid phase is caused to 
flow with a velocity adjusted to at least a 
predetermined value at whidi velocity profile 70 
effects are substantiaUy eliminated by trans- 
verse mixing, such velocity being at least 15 
cm per second in the case of a gaseous 
moMe phBsc serving as the fluid phase and 
at least 0.2 cm per second, in the case of 75 
liquid moUle fuiase serving as the fluid 
phase. 

For example, the separation is carried out 
in a foam-p^d^ed pip^ne whilst the material 
to be separated is smiultaneously being con- 80 
veyed from one locality to a geographically 
different locality. 

From the following more detailed des- 
cription and explanation of the invention, 
largely by way of specific exam^^es and in 85 
part with reference to the accompanying 
drawings various additional and /or preferred 
option^ features as wdl as advantages of 
the invention will become apparent. Be- 
cause of the particular advantages pertaining 90 
to the application of the invention to chro- 
matography, particular onphasis will be 
I^ced on the latter. 

In the drawings. 

Fig. 1 illustrates diagrammatically different 95 
stages in the manu&cture of a packing for 
a separating apparatus in accordance with 
the invention; 

Fig. 2 represents a general view of the 
structure of yet anoth^ form of packing 100 
suitaUe for the invention; 

F^gs. 3 and 4 rq)resent diagrammatic sec- 
tions throu^ some typical examples of ap- 
paratus in accordance with the invention; 

Fig. 5 represents an apparatus in accord- 105 
ance with &e invention for duting chroma- 
tographically in two dimensions; 

Fig. 6 represents a further embodiment for 
eluting chromatographically in one dimen- 
sicMi and simultaneously displacing substances 1 10 
selectively in another dimension along a 
potential gradient; and 

Fig. 7 represents a gas chromatogram ob- 
tained by the process in accordance with 
the invention. 

Ref^ring now to F?g. 1 a powder consist- 
ing of substantially q)herical particle^ is 
shown randomly packed. This condition 
normafly lads uniformity and closely ap- 
proximates a conventional packing in a 120 
chromatographic column or in a packed dis- 
tillation or adsorption column (e.g. glass 
beads). Provided the particles are solid 
and disr^aiding blind pores in packing ma- 
terials such as kieselguhr, the void volume is 125 
at the most 40% (rf the total bulk volume, 
whax as in the example shown the particles 
are of uniform size, e.g. obtained by screen- 
ing. In practice, a considerable particle 
size range jwcvails normally, resulting in a 130 
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considerably reduced void volume p2rcen- 
tage. 

In practising the present invention a void 
volume of at least 45% is preferred, disre- 
5 garding blind pores, and if possible more. 
Moreover, substantially uniform porosity 
conditions, i.e. uniformity of pore size, 
shape and distribution and overall porosity 
must be assured at least across the entire 

10 packing in planes at right angles to the direc- 
tion of nett flow and preferably in the direc- 
tion of nett flow as well. Under randomly 
packed conditions the odds weigh heavily 
against such uniformity even in the packing 

15 interior and even more so in the vicinity of 
the confining walls. 

Perhaps the best practical test for uni- 
formity is actual separating performance, and 
whilst it may be difficult to lay down rigid 

20 limits, it will generally be true that a packing 
producing no more than 20%, preferably 
no more than 10% localised variations has 
very good uniformity by comparison with the 
prior art. 

25 Therefore according to one embodiment, 
the material 1 is fluidised in a manner 
known as such, i.e. by blowing a fluidising 
medium e.g. air from underneath in an evenly 
distributed manner until the powder bed 

30 becomes turbulent and assumes the flow pro- 
perties of a thin boiling porridge. The air 
flow is then reduced until the turbulence just 
ceases completely and tlie particles just rest 
in contact with one another in the uniform 

35 and well-defined metastable condition of 
loosest packing 2, in which the air flow just 
balances the tendency of the particles to 
fully settle to a more densely packed con- 
dition. The formation of the required uni- 

^0 form metastable state may be assisted by 
vibration. In this condition the void volume 
of the material is 48%, and in this condition 
the particles are bonded together. For ex- 
ample, the particles consist of or are coated 

^5 with a sinterable material, e.g. glass or metal 
beads, wax, thermoplastic resin such as 
polyhydrocarbons, polyvinylchloride, fluoro- 
carbon resins, polyamides, chlorinated poly- 
ethers, silicone resins, polyacrylates or un- 

^0 cured or partly cured reaction-curing resins, 
e.g. epoxy resin in the B-cure stage, solid 
at room temperature but still sinterable. 
Some polymerisation processes result in sub- 
stantially globular particles from the outset. 
Such powders are then (if necessary) 
screened to produce a narrow particle size 
ranee. 

Other materials may be transformed into 
spherical particles by casting the fused ma- 
terial through a screen (shot tower tech- 
nioue). 

Sintering together of the particles to fix 
them uniformly in the expanded state of the 
material is achieved according to one em- 
o5 bodiment by raising the temperature of the 



aerating medium as well as the temperature 
of the vessel in which aeration takes place. 

The interstices 3 are now fiUed up with a 
reaction curing resin, e.g. an epoxy resin. 
After curing of this resin the originally par- 70 
ticulate material 4 is dissolved or fused or 
volatilised and removed from the packing, 
leaving behind a porous body 5 having a 
void volume of 52%. and havmg essentially 
the texture of a comparatively dense open- 75 
pore foam. 

Substantially, a sin[iilar texture may be at- 
tained by expanding the product 2 with m- 
temal pressure until the spheres have been 
stretched and distorted to much the same 80 
shape and pattern as that illustrated by 5. 
Such internal pressure may conceivably be 
attained by filling the interstices 3 with a 
material expandable by heat or solvent action 
and subsequently removable e.g. by volatili- 85 
sation, or solution. 

It is also possible to employ beads 1 coated 
with a bonding agent which after the attain- 
ment of condition 2 is rendered tacky by 
heat or the temporary introduction of a 90 
solvent vapour or chemical reagent. In a 
similar manner solid polymethylmethacrylate 
particles may be bonded together by tem- 
porarily introducing into the air or other 
fluidising medium a high proportion of 95 
chloroform. 

For sintering it is also possible to apply 
heat di-electrically where the particles are 
non-conductors (as in the case of the sub- 
stances just mentioned). 100 

In the case of metallic particles amenable 
to induction heatmg, even where the cores 
only of individual particles comprise such 
metal, it is possible to employ induction heat- 
ing for the purpose of sintering. 105 

Provided friction between the particles is 
extremely low and the particles are highly 
uniform and spherical, another well-defined 
completely uniform condition 6, namely that 
of closest packing, is attainable. This ma- 110 
terial when bonded together has a low void 
volume of only 26%. On the other hand if 
an aggregate of the particles in that condi- 
tion is prepared in a matrix which is then 
solidified, the rraaoval of the particles from 115 
the voids leaves behind a void volume of 
74% very favourable for the purposes of 
the invention. 

If the same technique is applied to an ag- 
gregate having the particles arranged at ran- 120 
dom in accordance with 1. the void volume 
of the matrix after removal of the particles 
will be approximately 60%. H the original 
particles have been chosen in a reasonably 
narrow size range and have been reason- 125 
ably evenly packed, the evaitual porous co- 
herent matrix may satisfy the practical re- 
quirements of uniform porosity for the pur- 
poses of the invention, even though the ran- 
domly packed powder itself did not. This is 130 
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so because in th porous matrix the pore 
shapes aod dimoisioas are positively con- 
trolled by the corresponding shapes and sizes 
of the particles subsequently removed. 
5 In the various embodiments of this type, 
the matrix may be oiganic or inorganic. It 
may be employed in the form of a liquid or 
semi-liquid substance which subsequently 
hardens by chemical reaction, e.g. a reaction 

10 curing resin such as polyester or epoxy resin 
or an inorganic cement such as Sorrel ce- 
ment, or for some purposes even Portland 
cement or plaster of pans. It could con- 
ceivably be a colloidal system sudi as a clay 

15 slurry which subsequently hardens by loss of 
water and which may, when so required, 
even be fired eventually with or without 

Other matrix materials, e.g. fusible resms. 

20 waxes, low-melting metals or glasses may 
be employed in a molten condition and 
caused to solidify by cooling. 

The particulate material for the aggregate 
must be chosen depending on the matrix so 

25 that the subs^uent removal of the particles 
does not remove or damage the matrix as 
well, as will be readily understood. Suit- 
aWe substances to be rraioved by melting 
are beads of waxes, resins or metals meking 

30 lower than the matrix. Beads of metal may 
also be leached out with acids. Beads of 
waxes, bituminous or other organic sub- 
stances may be dissolved out with the appro- 
priate organic solvents. Beads of sulfur 

35 can be melted out or dissolved in carbon 
disulphide, pellets or beads of various salts, 
gelatine, starch or the like may be leached 
out with water. Most organic and some 
inorganic substances can also be removed 

40 with heat to cause their volatilisation, in 
some cases with decomposition. 

The term "packing" as used in this speci- 
fication is to be understood rather in the col- 
loquial sense in which the term is generally 

45 used in the art, i.e. a material constituting 
the sofid filling of a column or like appara- 
tus interspersed by voids or pores. The 
term does not in any way imjrfy that the ma- 
terial has been forcibly packed or rammed 

50 into the apparatus. 

The term "pores" in this context is not to 
be given a narrow interpretation but is rather 
to be understood as a relative term with re- 
ference to the cross-section of a colunm or 

55 liJcc apparatus. 

The voids may take the form of pores of a 
variety of shapes and proportions. Accord- 
ing to one extreme and preferred embodi- 
ment for many purposes the voids or pores 

60 are by far the predominating feature of the 
column, the sohd part constituting but a 
dceletal structure occupying as little as 3%. 
say between 2 and 5% of the entire column 
volume. Thus according to a particularly 

65 advantageous embodiment the column pack- 



ing is essentially a very light weight foam 
with an open pore structure. 

Such light weight foam may be produced 
from any material suitaMe to form a packing 
and capable of being transformed into such 70 
a foam, be it oiiganic or inorganic. Ex- 
amples of foamable inorganic materials are 
glass, slag, calcareous binders, including 
portknd and related cement compositions, 
plaster of pans. ^5 

Examjdes of suitaUe organic compositions 
are in particular to be found in great variety 
amongst various classes of synthetic resins. 
The ideal foam structure is shovm in Fig. 
2, which may be attained with various com- ^ 
mercially availaUe foam plastics. The tex- 
ture is for example known in various flexible 
polyurethane foams, particulariy of the poly- 
ether type. By techniques known as such 
the pore dimensions may be varied within 85 
wide Umits. Silicone and other open-pore 
foams have more or less the same structure. 
The method of producing the foam struc- 
ture will depend on the nature of the foam- 
able material ^ 

A foamable material may for example be 
foamed by bemg whipped up with gas or air 
to form an open pore foam from the very 
outset which is then caused to solidify, e.g. 
by chemical reaction, in particular polymeri. 95 
sation or pdycondensation, or by cooling 
(freezing). 

An aqueous foam may for example be pro- 
diKcd with the aid of suitable foaming agents 
(surfactants), e.g. sodium alkyl aryl sulphon- 100 
ates, sodium lauryl sulphonate and the like, 
and caused to solidify by the gelling in said 
aqueous system of a synthetic resin. The 
resin may for example be ureaformaldehyde 
resin, the gelling of which may be brought 105 
about with the aid of an acid catalyst, pre- 
ferably phosphoric or oxalic acid. Urea 
formalddiyde foams and processes for their 
production are known as such and require 
no further discussion. The rigidity of urea- HO 
formaldehyde foams may be improved if 
desired by various additives. In somewhat 
similar manner Imown per se it is possible to 
produce melamine formaldehyde and phenol 
or resorcinol formaldehyde foams. The 115 
above foams may be produced with a very 
even pore distribution. 

In some cases (dastic or other foams (both 
open pore and closed pore) may be pro- 
duced by the release of gas as a result of 120 
chemical reaction of the ingredients of the 
foam forming material. Typical examples of 
suitaUe foams thus producible are rigid and 
resilient polyur^anes, both of the ether and 
the ester type. 1^5 

Polyurcthanes which from the outset have 
the desired open pore structure may for ex- 
ample be produced by the reaction of diiso- 
cyanates ^id a polyc^ in the presence of a 
blowing agrat. e.g. CD, liberated by the 130 
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reaction of an excess of diisocyanate with 
water, preferably in the presence of a sur- 
factant, e.g. a silicone surfactant and a cata- 
lyst, e.g. tin catalyst. 

5 Another foam having a suitable open pore 
structure is polyvinylchloride foam produced 
by chemical blowing, in particular by the 
low density vinyl extrusion process. 
Socalled reaction type phenolic foam can 

10 also be produced with a suitable open cell 
structure. 

Particularly suitable for many purposes be- 
cause of their chemical and thermal stability 
are foamed silicones, e.g. silicone rubber 
15 foams, which similarly to some other afore- 
mentioned foams can be produced quite suc- 
cessfully by in situ foaming. 

In some cases, however, the foam texture 
is initially less perfect than that shown in 
20 Fig. 2, in particular by the presence of some 
lamellae between the skeletal struts of the 
foam. In some cases it may be possible to 
remove the lameUae by mechanical bursting, 
but the preferred method of removal is by 
25 chemical leaching or solvent action. This 
procedure may also be applied to certain 
foamed slags or foamed glasses, in particu- 
lar soft glasses, e.g. lead glass, where hot 
strong alkali, e.g. 10 N KOH at 95^ C, say 
30 for 50 hours is found effective. Thermal 
treatment may be resorted to in some cases. 
In the case of polyurethane foams ester type 
solvents may be employed. Suitable solvents 
for polyvinylchloride and epoxy resins are 
35 of the ketone type, e.g. methyl-ethyl ketone. 
Considerable variation, depending on the 
intended use of the apparatus is possible 
with regard also to average pore size. In 
Fig. 3, for example, the packing 7 indicated 
40 diagrammatically by cross-hatching and 
which could be any of the aforegoing is en- 
closed in a tube 8 to form an adsorption 
column or a chromatographic column, the 
movement of the mobile phase, either gas 
45 or liquid, being indicated by arrows 9. Be- 
cause of the characteristics of the packing 
there is no change in average column density 
right to the interface between the walls 8 and 
the packmg 7. To reduce any wall effect 
50 even further, the packing material is prefer- 
ably connected with the column walls, e.g. 
is integral with or bonded to the walls of the 
column. Alternatively there is such a close 
fit that no or very Uttle non-uniformity or 
55 discontinuity arises at the interface between 
column wall and packing. For example 
where the packing is resilient, a close fit may 
be realised comparatively easily. 
The packing may be bonded to the column 
60 walls with an adhesive inert to the substances 
employed in the separation, e.g. an epoxy 
resin or polyvinyl acetate adhesive. 

Polyurethane foam precut to a cylindrical 
shape was successfully bonded to the inside 
65 of polyraethyl-methacrylate tubing by intro- 



ducing the loosely fittmg foam into the tub- 
ing and then just moistening the foam with 
chloroform. This caused the foam to swell 
against the inside of the tube and simultane- 
ously to bond the foam to the tube by the 70 
solvent action of the chloroform on the tube 
material. 

Such plastic foams as polyurethane may be 
cut into the required shape with hot wire. 

The porous packing material may be cut 75 
up into strips and sandwiched between two 
sheet materials with impervious strips separ- 
atmg adjoining porous strips from one an- 
other and the extremities of the strips being 
joined to one another through pipe bends of 80 
comparatively small diameter to form a 
column having a total effective length equal 
to the sum total of the individual strip 
lengths, e.g. suitable for gas or liquid chro- 
matography. 85 

Many materials may also be foamed or 
sintered in situ inside the column walls when 
bonding of the packing to the walls will usu- 
ally result. 

The column walls 8 need not necessarily be 90 
rigid. Resilient forms of packing e.g. resi- 
lient polyurethane, P.V.C. or silicone rubber 
may be supplied incorporated in a flexible 
tube material, e.g. plastic tubing, suitable 
for forming a column wall, and the user will 95 
simply cut off the length of column required 
for liis particular purpose and connect such 
length to a suitably adapted column inlet 
(head) and outlet means. 

The foam or like packing may, for ex- 100 
ample, be produced in situ or injected into 
a preformed plastic or other tube, which for 
many purposes may be quite thin walled, 
e.g. of the order of a few hundreds of a 
miUimetre, and for other purposes may be 105 
quite strong, say several millimetres thick. 

The skin, Le. the column wall may in some 
cases also be applied to the pre-f ormed pack- 
ing material or the packmg material and 
column wall may be manufactured simul- HO 
taneously, e.g. by simultaneous concentrical 
extrusion. 

Suitable skin materials may (depending on 
the purpose of the column) be e.g. poly- 
ethylene, polyvinylchloride, polyamides, 115 
polyacetals, polyurethane and various natur- 
al or synthetic elastomers. In other cases 
the skin may consist of and be integral with 
the foam material. 

Tubing of thermally shrinking plastics may 120 
be applied to the outside of preformed pack- 
ing material and shrunk firmly into contact 
with the packmg by heating. The chromato- 
gram in accordance with Fig. 7 was for ex- 
ample produced with a column thus pre- 125 
pared. 

The features of the invention are useful 
for chromatography on any scale, from 
microanalytical up to large-scale prepara- 
tive work. 1 30 
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In accordance with a preferred embodi- 
ment the features of the invention are ap- 
plied to large scale colunms. such columns 
having a diameter of at least 10 cm, prefer- 
5 aUy at least 30 cm, more particularly at least 
1 m. Such column di^neters cannot be 
employed successfully with conventional 
chromatographic packings without excessiv 
losses of separating effidoicies. In chroma- 

10 tographic columns it is preferred for the 
average cross-sectional area of the individual 
pore to be no more than 1 preferably no 
more than 0.1 %. more particularly less than 
0.01% of the column cross-sectional area. 

15 According to some embodiments the pores 
may be of microscopic dimensions regard- 
less of the cross-sectional area of the 
columns. 

On the other hand» particularly in the 
20 case of columns of large diameter, e.g. of 30 
cm or more, the pores may have a diameter 
of up to 1 cm or more with a consequential 
reduction in pressure drop through the 
column when in operation at the expense of 
25 some capacity. It is interesting to note that 
with some packings having the texture in ac- 
cordance with Fig. 2, plate heights have been 
measured of less than the average pore dia- 
meter. 

30 The packing material may itself serve as 
a stationary frftase or be surface treated 
e.g. chemicaUy, to become a stationary 
phase or serve as a support for a stationary 

Ehase material subsequently applied. In the 
Ltter case the stationary phase may take 
the form of a solid coating, e.g. a layer of 
coUoidal carbon, a precipitate of active alu- 
mina, or a gelatinous film, more particulariy 
a deposit of silica gel or synthetic resin, e.g. 
40 an ion exchange resin. In particular, how- 
ever, the packing may serve as a support for 
various liquids known in the art for that pur- 
pose, both polar and nonpolar. If neces- 
sary the packing may be subjected to trcat- 
45 ment, e.g. with monodiloro trimethyl silane 
or dichloro dimethyl silane to reduce the 
polarity of the packing surface in a man- 
ner known per se. The packing is then im- 
pregnated with any suitaUe retarding phase, 
50 e.g. in manners well known in the art. 

Where the cdumn packing consists e.g. of 
polyethylene or polyvinylchloride it is poss- 
ible to sulpbonate the exposed surfaces of 
the pores to impart ion exchange properties 
55 to the packing. In other cases the column 
is first impregnated e.g. with a silane, prior 
to such sulphonation. 

Because of the low pressure drop through 
some of the packing materials herein des- 
60 cribcd it becomes feasible to carry out 
chromatographic separations, concentrations 
or purifications on a large scale inside fHpc- 
lines, whilst materials are conveyed through 
such pipelines from one locaUty to some 
65 other remote locality. 



The pore structures lend themselves ex- 
cellently to chromatography carried out at 
high speed. e.g. up to several orders of mag- 
nitude l^gher than hitherto customary. It is 
an inhmnt characteristic of the packings 70 
herein described that th velocity profiles 
in chromatography are remarkably flat and 
that "fingering'* is hardly if ever observable. 
The just mentioned unusually high operating 
speeds can be emi^oyed to attain increased 75 
throughput and/or separating speed. They 
can be employed in addition to flatten the 
velocity profile even further and in particu- 
lar to eliminate any wall effects. By raising 
the flow velocity al>ove a predetermined vclo- 80 
city (best expressed as a Reynolds number) 
there will be achieved a fairly sudden im- 
provement of transverse dispersion because 
of the development of turbulent eddies be- 
hind the solid obstructions (i^teau regions) S5 
of the packing. Where the forwarding phase 
IS a liquidt he preferred linear flow rate is at 
least 0.2, prcferaWy 0.3 cm/sec. Where the 
forwarding phase is a gas and subject to the 
nature of the retarding phase permitting 90 
such higfx speeds, the preferred linear flow 
rate is above 15 cm/sec, preferably above 
20 cm/sec, more particularly at least 30 cm/ 
sec. 

The extraordinary characteristics of the 95 
packings in respect of mechanical coherence 
and uniform porosity permit radical depar- 
tures from conventional column design. Thus 
it becomes possible, when convenient to 
deviate from the circular column cross-sec- 100 
Uon at present generally employed. In fact, 
some embodiments of apparatus, e.g. those il- 
lustrated in Figs. 5 and 6 can hardly be 
referred to as columns. 

When the apparatus in accordance with 105 
Fig. 3 is employed as an adsorption column, 
its high permeaNlity is a particular advan- 
tage. The packing may be impr^;nated 
with a liquid or solid adsorbent or a chelat- 
ing agent. HO 

In Fig. 4 the application of the invention 
to an otherwise conventional continuous 
fractional distillation or rectification appar- 
atus is illustrated, but it will be readily 
understood that the invention may be ap- 115 
plied similar^ to laboratory size and batch 
distillation apparatus. The apparatus shown 
composes two column sections 10 and 11, 
each packed with a packing as described 
above, indicated diagrammatically by cross- 120 
hatching, preferably having the foam texture 
in accordance with Fig. 2. The material to 
be separatwl is introduced in vapour form 
at 12. The high boiling fraction collects in 
the heated sump 13 from which some ma- 125 
terial is continuously withdrawn at 14. The 
low boiling fraction is condoised in conden- 
ser 15, part of the condensate being returned 
to the colunm head as reflux, the remainder 
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being withdrawn through a cooler 16, light 
vapours being condensed at 17. 

In the case of columns for distillation com- 
paratively coarse textures, i.e. uninterrupted 

5 voids of comparatively large cross-section 
are advantageous to minimise flooding of the 
column. In the case of lai^e scale distilla- 
tion plant the voids may have diameters of 
several centimetres. Again, because of the 

10 uniform porosity and the decreased wall 
effects a column cross-section other than 
circular may be employed if convenient. For 
distillation as well it is possible to treat the 
surfaces of the packing so as to render 

15 them more polar or less polar thereby to 
modify the wetting characteristics. 

The various packings herein described 
may also be coated with any suitable coating 
material to render the packing more inert to 

20 the materials with which it is to come into 
contact in the distUIation or chromatographic 
or other separating process. For example, 
some of the foams herein described were 
successfully coated with watei^lass or with 

25 a commercial brand of floor sealing composi- 
tion. 

V/ith conventionally packed beds chroma- 
tographic elution in more than one dimen- 
sion of the packing is precluded by the lack 

30 of uniformity and lack of coherence of the 
packing. With packings as described it be- 
comes feasible to elute in more than one 
dimension in succession in a manner ana- 
logous to two-dimensional paper chromato- 

35 graphy, but with the advantage of greatly in- 
creased capacities useful when complicated 
mixtures are to be separated on a preparative 
scale, e.g. mixtures of amino acids. An ap- 
paratus for that purpose is illustrated dia- 

40 grammatically in Fig. 5 which shows a box 
34 between the top and bottom of which a 
square slab 35 of packing material in ac- 
cordance with Fig. 2 is sandwiched, leaving 
peripheral gaps all around between the sides 

45 of the slab 35 and the side walls of the box 
34. These gaps are partitioned diagonally 
by comer partitions 36 to produce two eluent 
inlet chambers 37 and 38, an outlet diamber 
39 opposite chamber 37 and an outlet cham- 

50 ber subdivided into a large number of smaller 
chambers 40 opposite chamber 38. Each 
inlet chamber has an inlet nipple and each 
outlet chamber has an outlet nipple. Near 
the comer between chambers 37 and 38 a 

55 sample inlet 41 is provided closed by a soft 
synthetic nibber membrane having a selfseal- 
ing aperture 42. In use the sample is in- 
troduced by injection through aperture 42 
with a hypodermic syringe. A first eluent 

60 is then passed through the packing from 
chamber 37 to chamber 39. If desked this 
elution may be continued until some com- 
ponents of the sample have already been 
^emove^J with the eluate through chamber 

65 39. But this need not be. At'^a predeter- 



mined stage of the elution when different 
components of the sample have travelled dif- 
ferent distances the eluent introduction at 
37 is stopped and elution is now continued 
with a different eluent from chamber 38 70 
towards chambers 40, the different compo- 
nents now emerging from different cham- 
bers 40 and at different times. 

As a further development of this concept 
provision is made for blanking off those 75 
sides of the packing 35 which at any one 
stage are parallel to the direction of elution, 
e.g. with a closure member 43, of which only 
one is shown. This will be necessary only 
if a tendency exists for the eluent to bypass 80 
the packing. 

Fig. 6 is based on a similar concept to the 
above as well as to paper electrophoresis, 
there being an eluent inlet chamber 44 along 
one side of the packing 45 and a plurality of 85 
outlet chambers 46 arranged side by side op- 
posite chamber 44. The other two sides of 
the box are closed by two electrodes 47 and 
48. The apparatus is designed for the separ- 
ation of amphoteric substances introduced 90 
through a sample inlet 47 as in Fig. 13. The 
separation takes place by elution and simul- 
taneous differential lateral displacement 
under the influence of the applied potential. 
By comparison with piles of paper sheets 95 
the apparatus offers the advantage of perfect 
uniformity in all dimensions. 

Example 1 

A polyurethane column is prepared, foam 
texture as in Fig. 2, void volume 97%, 30 100 
pores per cm, column loogth 187 cm, dia- 
meter 0.25 cm. The foam is coated with 
silicone oil introduced as a 10% v/v solu- 
tion in petroleum ether, the latter being sub- 
sequently evaporated off. A sample of a 105 
mbrture of normal paraffins from C4 to Cg is 
introduced (2.5 microlitres) and eluted with 
hydrogen at a linear flow velocity of 10 
cm/sec. The chromatogram recorded in 
conventional manner is shown in Fig. 7. As HO 
usual it is to be read from right to left, die 
first peak being due to butane, followed by 
pentane, hexane, heptane and octane. The 
pressure drop was only between 1 and 1.5 
atm. 115 

Example 2 

The same column is tested for plate 
heights at different flow velocities. With 
luiquid eluents full radial dispersion is ap- 
parent by the attainment of a minimum plate 120 
height of 1 mm at 0.3 cm/sec. 

With a gas as eluent the plate height at 
15 cm/sec. is 0.5 mm, and drops to 0.2 mm 
at 30 cm/sec which from the slope of the 
curve seems to be near the optimum. An- 125 
other similar packing with 40 holes per cm 
produces a plate height of 0.1 mm at 30 
cm/ sec. 
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Example 3 

Detector probes are inserted in different 
packings of columns <A 5 an diameter. In 
conventional packings fingering is clearly dis- 
5 cemaUe and there is a pronounced wall 
effect. With a packing having the same 
characteristics as in the previous example no 
fingering is observaWe at all and the wall 
effect is much less pronounced. 

10 Example 4 

A silicone rubber foam column is impreg- 
nated with medicinal paraffin. The void 
volume is 85% and there arc 20 pores per 
cm. 70% aqueous acetone is saturated with 

15 medicinal paraffin to serve as a mobile phase. 
A mixture of palmitic and stearic acids is 
dissolved in a smaD volume of mobile phase 
and aillowed to seep into the colunm. where- 
after elution proceeds with more 70% aque- 

20 ous acetone. The column temperature is 
maintained constant at SO'^C by water jacket- 
ting. A complete separation of palmitic from 
stearic acid is attained at a linear flow rate of 
03 cm/sec. 1=30 cm. 

25 Example 5 

A column as described with reference to 
either of Figs. 1 and 2 is coated internally 
with a highly absorbtive layer of carbon 
bladk as follows : 

The column is filled with a dispersion in 
a highly volatile liquid of colloidal carbon. 
Such dispersions are commercially availaWe. 



The volatile liquid is carefully evaporated 
off and the coating of colloidal carbon is 
left behind. The thickness of the carbon 35 
coating can be controlled as desired by ad- 
justing the concentration of the dispersion. 

The thus prepared column can be used 
inter alia for the separation of oxygen from 
nitrogen gas using hydrogen gas or helium ^ 
gas as a moMe phase. conditions 
under which the separation is carried out are 
known as such from chromatography. 

The active carbon layer may also be partly 
deactivated in a manner known per se by 45 
treatment with squalene whereafter the 
column is suitable for the separation of pro- 
pane from butane and similar separation 
problems under conditions in other respects 
Known per se. 50 

Example 6 

Comparative experiments were carried out 
on a jacketted distillation column, inner dia- 
meter 50 nmi. length 90 cm. The following 
padupgs were compared : 55 

(a) PodWdniak heligrid; 

(b) randomly packed porcelain Raschig 
rings6x6nmi; 

(c) polyurethane foam as in Fig. 2, void 
volume 97%. pore size approximately 60 
5 mm. 

Plate length measurements were carried 
out with the testing mixture n-heptane- 
methylcyclobexane. The following set of 
measurements was taken : 65 



Packing 

throughput ml/hr 
holdup (ml) ... 
{pressure drop (mm Hg) 
plate height (cm) 



a 


b 


c 


4000 


5000 


5000 


160 


290 


120 


5 


23 


5 
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In addition the maximum throughput 
before flooding was determined as foOows: 

(a) 6000 ml/hr 

(b) 5200 ml/hr 

(c) 6000 ml/hr 

The results show that packing (c) is much 
superior to packing (b) and even compares 
favourably with packing (a) which latter is 
very expensive. 

WHAT WE CLAIM IS: — 

1. Apparatus for a distribution separa- 
tion process wherein separation is achieved 
by distribution of components of a mixture 
between two phases, in particular chromato- 
graiAy and rectification, of the type com- 
prising in an enclosure having inlrt and out- 
let means a packing material on the surface 
of whidi one of the phases between which 
distribution is to take place is adapted to 



be exposed to the other {Aase, the packing 90 
mateml forming a coherent porous body, 
having essaitia% the texture of an open- 
pore foam with a porosity which at least 
m planes at right an^ to the direction of 
nett flow prescribed by the apparatus, is 95 
substantially uniform. 

2. Apparatus in accordance with claim 
1 n^rcm the open-pore foam has at least 
80% vokl volume. 

3. Apparatus as claimed in claim 1 lOO 
wherein said texture has a void volume in 
excess of 45% of the total volume and re- 
presrats the matrix of an aggregate of a par- 
ticulate material left behind after the selec- 
tive nanoval of the particles of the particu- 105 
late material out ol the matrix. 

4. Distribution separation process of the 
type in which a fluid friiase flows relative to 
a second phase aiKl a separation takes [rface 
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by material distribution between the phases, 
the one phase being maintained on the sur- 
faces of the voids of a porous packing con- 
fined in a confined spac^, the material to be 

5 separated being introduced into the confined 
space, the fluid phase being caused to flow 
through the packing and the confined space 
whilst the material to be separated is being 
distributed between the phases whereafter at 

10 least a part of the material to be separated is 
withdrawn from the confined space with a 
composition different from that prior to the 
separation, and wherein the said fluid phase 
is caused lo flow in even distribution through 

15 a packing having essentially the texture of 
an open-pore foam, on the skeletal surfaces 
of which tlie said one phase is exposed, the 
foam having a porosity which at least in 
planes at right angles to the direction of nett 

20 flow, is substantiaUy uniform. 

5. Process in accordance with claim 4 
carried out under chromatographic condi- 
tions v/herein the fluid j^iase is caused to 
flow with a velocity adjusted to at least a 

25 predetermined value at which velocity pro- 
file effects are substantially eliminated by 
transverse mixing, such velocity being at 
least 15 cm per second in the case of a 
gaseous mobile phase serving as the fluid 

30 phase and at least 0.2 cm per second, in 
the case of a liquid mobile phase serving as 
the fluid phase. 

6. Process in accordance with claim 5 
wherein the separation is carried out in a 



foam-packed pipelme whilst the material to 
be separated is simultaneously being con- 
veyed from one locality to a geographically 
different locality. 

7. Process in accordance with claim 4 
carried out under chromatographic condi- 
tions wherein elution is carried out succes- 
sively in at least two dimensions of the 
three-dimensional packing. 

8. A chromatographic apparatus com- 
prising a chromatographic colunm contain- 
ing a chromatographic stationary phase ex- 
posed on the skeletal surfaces of a coherent 
porous body composed of an open-pore 
foam of substantially uniform porosity, and 
suitable for the passage into ib& pores of a 
chromatographic moving phase. 

9. Apparatus as claimed in claim 8 
wherein the foam is composed of a polymeric 
foam material. 

10. Process according to claim 4, sub- 
stantiaUy as hereinbefore described, 

11. Apparatus according to claim 1 sub- 
stantiaDy as hereinbefore described with re- 
ference to the accompanymg drawings. 

12. Products produced by separations 
carried out with a process or with an apjmr- 
atus as claimed in any one of the preceding 
claims. 

EDWARD EVANS & CO., 
53 — 64 Chancery Lane, 
London, W.C.2, 
Agents for the Applicants. 
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